Social interaction is often regarded as crucial for song copying in zebra finches, Taeniopygia guttata. Contingencies in the interaction between pupil and tutor might be essential for the song-copying process. The effect of contingency between a pupil's operant behaviour and tutor song has been studied previously, but with contradictory results. Our aim in this experiment was to provide a more rigorous test of the effect of operant contingent exposure to song playback in zebra finches. Eight experimental males were trained to expose themselves to tutor song by operant key pecking during their sensitive phase for song learning. Each bird had a yoked control, which heard the same tutor song at the same time. All birds were acoustically isolated. The results were surprising in two ways: (1) the control birds copied song to which they were passively exposed; and (2) the experimental birds did not copy more than the controls did. So, we found no effect of operant contingency on song learning. Furthermore, when tested as adults all but one male preferred the tutor song to an unfamiliar one. We conclude that zebra finches can copy playback song, and that social interaction is not crucial for song copying, although it might still be facilitating.
In many oscine species, social interaction seems to play an important role in the song-learning process. The relative importance of social interaction and its specific form can vary greatly between species (Snowdon & Hausberger 1997) . For some song-copying birds, social interaction does not seem to be crucial. White-crowned sparrows, Zonotrichia leucophrys, for instance, copy even parts of allospecific songs from auditory exposure only (Petrinovich 1985) . For other song-copying species, there is no evidence that they can copy from playback (e.g. tree creeper species, Certhia spp.: Thielcke 1970 Thielcke , 1984 . However, it is likely that all songbird species, even the whitecrowned sparrow (Baptista & Petrinovich 1986) , usually copy more easily from live tutors than from playback. This is often taken as evidence for the importance of social interaction, although it is not clear what precise aspect(s) of the interaction influence song development (Nelson 1997) .
Some aspects of how social interaction affects song learning have been studied in more detail, with the zebra finch as the model species. It is generally accepted that in this species social interaction with the song tutor (usually the father) is crucial for the song-learning process (Slater et al. 1988; Zann 1997) . Zebra finch males are capable of copying songs from foster fathers of a different species (Immelmann 1969), but do not copy conspecific song broadcast by a loudspeaker, without the opportunity for interaction (Eales 1989) . Aspects of interaction between tutor and pupil that influence song copying in zebra finches are tutor aggression (Clayton 1987; Jones & Slater 1996) , parental care (Immelmann 1969; Williams 1990) and proximity (Mann & Slater 1995) . However, the results of different experiments have often been contradictory (Nelson 1997; Zann 1997) .
The mechanism by which interactions affect song copying is still unclear. Often interaction is supposed to enhance motivation, attention or arousal in a young male (ten Cate 1994; Nelson 1997) . Based upon experiments in imprinting, ten Cate (1991 Cate ( , 1994 suggested that a contingency between tutor song and behaviour of the pupil might provide an essential stimulus for song copying. This hypothesis has been examined in several experiments. Two studies involved a Skinnerian approach in which playback of tutor song was contingent upon performance of an operant behaviour by the pupil (ten Cate 1991; Adret 1993a). In both studies song copying by experimental males was compared with that of yoked
